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(57) ABSTRACT

A feed vessel for pneumatically conveying solid particles
includes a cylindrical portion, a first conical portion and a
second conical portion. The first conical portion extends
downward from the cylindrical portion and is configured to be
in fluid communication with the cylindrical portion. The sec-
ond conical portion extends downward from the first conical
portion and is configured to be in fluid communication with
the first conical portion. The second conical portion is con-
figured to form a mass flow of solid particles therein and
defines at least one outlet thereon for discharging the solid
particles. A method for pneumatically conveying solid par-
ticles is also presented.

8 Claims, 3 Drawing Sheets
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1
FEED VESSELS AND SYSTEMS FOR
PNEUMATICALLY CONVEYING SOLID
PARTICLES

BACKGROUND

The disclosure generally relates to pneumatic conveyance
technology, and more particularly to feed vessels and systems
for pneumatically conveying solid particles.

Feed vessels and systems for pneumatically conveying
solid particles indicates devices or systems for transporting
the solid particles from one place to another by the aid of gas.
The pneumatic conveyance technology has many applica-
tions, and is particularly widely used in the coal gasification
industry. For atraditional gasification system, one example of
the solid particles to be conveyed is coal powder. The gasifi-
cation feed system generally comprises a feed vessel and an
output pipeline connecting the feed vessel with a gasifier. The
feed vessel introduces the solid particles and a carrier gas. The
carrier gas carries the solid particles to flow through the feed
vessel and the output pipeline and finally enter the gasifier for
generating syngas by partially oxidizing the solid particles.

One problem faced by current feed vessels or feed systems
is that the flow rate of the solid particles (referred to as “solid
flow rate™) is unstable in the feed vessel and/or the output
pipeline. The unstable situation may be worse if the feed
vessel is operated under a high pressure. The unstable solid
flow rate tends to generate unexpected temperature fluctua-
tion in the gasifier, which shortens the lifetime of gasifier and
damages gasification performance.

Currently, there are various attempts at solving this prob-
lem. One prior way is adding a gas from the bottom of the feed
vessels to fluidize the solid particles. Another way is to add
inner construction to regulate the solid particles flow. How-
ever, these ways make some improvements to the stability, but
have yet to satisfy the practical applications. Therefore, there
is a need to provide improved feed vessels or feed systems
that satisfy practical applications on the conveyance stability
of the solid particles.

BRIEF DESCRIPTION

In accordance with one embodiment, a feed vessel for
pneumatically conveying solid particles comprises a cylindri-
cal portion, a first conical portion and a second conical por-
tion. The first conical portion extends downward from the
cylindrical portion and is configured to be in fluid communi-
cation with the cylindrical portion. The second conical por-
tion extends downward from the first conical portion and is
configured to be in fluid communication with the first conical
portion. The second conical portion is configured to form a
mass flow of solid particles therein and defines at least one
outlet thereon for discharging the solid particles.

In accordance with another embodiment, a feed system for
pneumatically conveying solid particles comprises a feed
vessel and an output pipeline. The feed vessel comprises a
cylindrical portion; a first conical portion extending down-
ward from the cylindrical portion and configured to be in fluid
communication with the cylindrical portion; and a second
conical portion extending downward from the first conical
portion and configured to be in fluid communication with the
first conical portion; wherein the second conical is configured
to form a mass flow of the solid particles. The output pipeline
is configured to extend into the second conical portion for
discharging the solid particles.

In accordance with another embodiment, a method for
pneumatically conveying solid particles comprises providing
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2

a feed vessel that comprises a cylindrical portion, a first
conical portion extending downward from the cylindrical
portion and a second conical portion extending downward
from the first conical portion; introducing the solid particles
and a carrier gas into the cylindrical portion to form a solid-
gas mixture; forming a mass flow of the solid particles in the
second conical portion; and discharging the solid-gas mixture
from the second conical portion.

These and other advantages and features will be further
understood from the following detailed description of the
invention that is provided in connection with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a feed vessel in accordance
with one embodiment;

FIG. 2 is a sectional view of the feed vessel shown in FIG.
1 taken along a line W-W; and

FIG. 3 is a sectional view of a feed system in accordance
with another embodiment.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
hereinbelow with reference to the accompanying drawings.
In the following description, well-known functions or con-
structions are not described in detail to avoid obscuring the
disclosure in unnecessary detail.

The disclosure relates to feed vessels and feed systems for
pneumatically conveying solid particles from one place to
another. The solid particles include but are not limited to solid
fuel particles, cement and carbon soot. The solid fuel particles
include but are not limited to coal powder and biomass.

FIG. 1 illustrates a feed vessel 10 for pneumatically con-
veying solid particles 12 in accordance with one embodiment.
FIG. 2 shows a sectional view of the feed vessel 10 in FIG. 1.
The feed vessel 10 comprises a cylindrical portion 14, a first
conical portion 16 and a second conical portion 18 all of
which are in fluid communication with each other. The first
conical portion 16 connects the cylindrical portion 14 with the
second conical portion 18 along a solid particles flow direc-
tion 15. Although the first conical portion 16 and the second
conical portion 18 have round cross sections in the example
shown in FIG. 1, aspects of the invention do not exclude other
cross-sectional shapes such as a rectangle. In one embodi-
ment, the cylindrical portion 14, the first conical portion 16
and the second conical portion 18 are substantially concentric
with each other along the solid particles flow direction 15.

Referring to FIGS. 1 and 2, the cylindrical portion 14 in one
embodiment comprises a plurality of inlets (not shown) for
introducing and mixing the solid particles 12 and a carrier gas
20 to form a solid-gas mixture 22. The first conical portion 16
in one embodiment is configured to form a funnel flow of the
solid particles and the second conical portion 18 is configured
to form a mass flow of the solid particles. As used herein, the
term “funnel flow” indicates the solid particles in a center area
of'an element are in motion, while the solid particles adjacent
to periphery walls of the element are stationary. As used
herein, the term “mass flow” indicates substantially all solid
particles are in motion.

As FIG. 2 shows, the first conical portion 16 has a cone
angle, noted as angle Alfa (o). The second conical portion 18
has a cone angle, noted as angle Beta (3). The angle Alfa is
configured to be greater than the angle Beta. In one embodi-
ment, the first conical portion forms a funnel flow by setting
the angle Beta greater than an included angle of the feed
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vessel 10, and the second conical portion 18 forms a mass
flow by setting the angle Alfa less than the included angle. It
is understood that aspects of the invention do not exclude
using other ways to form the funnel flow and/or the mass flow.

There are many factors impacting the size of the included
angle, such as the average size of the solid particles 12, the
moisture content, the material of the feed vessel 10, the fric-
tion between the solid particles 12 and the feed vessel 10. In
one embodiment, a commercial test machine is employed to
determine the included angle. The input data comprises par-
ticles properties including the average diameter of the con-
veyed solid particles, and wall properties including the wall
friction angle and internal friction angle. The commercial test
machine calculates the included angle based on these input
data. In one embodiment, the included angle is about 40
degrees, noted as 40°.

In one embodiment, the angle Alfa is in a range from about
1.2 to about 4 times the angle Beta. In another embodiment,
the angle Alfa is configured to be in a range from about 60° to
about 70° and the Beta is configured to be in a range from
about 30° to about 40°. In one example of the feed vessel 10,
the whole height (H1+H2+H3) of the feed vessel 10 is in a
range from about 1 to about 5 times the diameter (D3) of the
cylindrical portion 14. The proportion of height (H2) to
middle diameter (D2) of the first conical portion 16 according
to one example is in a range from about 0.5 to about 2. The
proportion of height (H1) to middle diameter (D1) of the
second conical portion 18 according to one example is in a
range from about 3 to about 15.

Referring again to FIGS. 1 and 2, the feed vessel 10 further
comprises at least one outlet (not shown) that is defined on the
second conical portion 18. During conveyance, the carrier gas
20 carries the solid particles 12 to start from the cylindrical
portion 14 and enter the second conical portion 18 after pass-
ing the first conical portion 16. Finally, the solid-gas mixture
22 is discharged from the outlet. With such configuration and
discharging mode, the solid flow rate is prone to be stable and
controllable since all solid particles are in motion and have a
stable flow in the second conical portion 18. The configura-
tion makes it is easier to manufacture.

As above depicted, the second conical portion 18 is con-
figured to form mass flow, which causes its cone angle (Alfa)
to be smaller compared with the situation where a funnel flow
is formed. The first conical portion 16 with a funnel flow is
arranged between the conical portion 14 and the second coni-
cal portion 18, which decreases the whole height of the feed
vessel 10.

In order to avoid these solid particles from being stationary
in the first conical portion 16, in one embodiment, at least one
fluidizing gas is introduced to loosen the stationary solid
particles 12 adjacent to an inner surface of the periphery wall
of the first conical portion 16. The term “loosen” as used
herein indicates fluidizing a portion of the solid particles 12
and has no impact on the solid particles 12 in a central area of
the first conical portion 16.

In one example, the first conical portion 16 has a plurality
of inlets (not shown) around outer surface thereof for intro-
ducing a plurality of fluidizing gas streams 24, 26 and 28, as
shown in FIG. 1. The amount of the inlets and the distances
among the inlets are adjusted based on the size of the first
conical portion 16. The introducing direction of the fluidizing
gas steam 24, 26 and 28 in one example are set to be perpen-
dicular to the flow direction 15. In another embodiment, the
introducing direction is set to be perpendicular to the outer
surface of the first conical portion 16.

In one example, a fluidizing gas distributor is employed
and affixed to the inner wall of the first conical portion 16. The
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fluidizing gas distributor defines a plurality of holes for divid-
ing one fluidizing gas into multiple streams so as to more
equally loosen the solid particles 12.

FIG. 3 illustrates a feed system 30 for pneumatically con-
veying solid particles 40 in accordance with another embodi-
ment. The feed system 30 comprises a feed vessel 32 and a
plurality of pipelines coupled to the feed vessel 32. It is
understood that the feed vessel 32 may be configured to be
any of the above-mentioned embodiments.

In the example shown in FIG. 3, the feed vessel 32 has a
cylindrical portion 34, a first conical portion 36 extending
downward from the cylindrical portion 34 and a second coni-
cal portion 38 extending downward from the first conical
portion 36. The first conical portion 36 is configured to form
a funnel flow of the solid particles 40 and the second conical
portion 38 is configured to form a mass flow of the solid
particles 40.

In one example, the pipeline comprises a carrier gas pipe-
line 42, a solid pipeline 44, a plurality of fluidizing gas pipe-
lines 46 and 48 and at least one output pipeline 50. The carrier
gas pipeline 42 and the solid pipeline 44 are coupled to the
cylindrical portion 46 for introducing and mixing a carrier gas
52 and solid particles 40 to form a solid-gas mixture 54. The
fluidizing gas pipelines 46 and 48 are coupled to the first
conical portion 36 for introducing multiple fluidizing gas
streams 56 and 58 to loosen the solid particles 40 adjacent to
an inner wall of the first conical portion 36.

The at least output pipeline 50 is coupled to the second
conical portion 38 with the mass flow for conveying the
solid-gas mixture 54 from the feed vessel 32 to another place.
With such configuration, the stable solid flow rate is obtained
since all solid particles 40 in the second conical portion 38 are
in motion and even may have similar velocities. In one
embodiment, the at least output pipeline 50 has an upward
portion 60 extending into the second conical portion 38. The
upward portion 60 is located adjacent to a central axis (not
labeled) of the second conical portion 38. The flow direction
of solid particles in the upward portion is opposite to the
gravity direction, which regulates all solid particles with dif-
ferent size to have consistent movement and further ensures
the solid flow rate controllable.

The feed system 30 in one example further has at least one
supplemental gas pipeline 62 coupled to the output pipeline
50. The supplemental gas pipeline 62 introduces at least one
supplemental gas stream 64 to regulate the solid flow rate by
changing the gas volume in the output pipeline 50.

The solid particles 40 are discharged from the second coni-
cal portion 38, which ensures the solid particles flow stable
and controllable. The fluidizing gas streams 56 and 58 are
employed, which enables all particles in motion in funnel
flow area, thereby improving fluidity of the solid particles.
Although the solid particles are stably discharged, it is also
significant during the conveyance between the feed vessel and
a targeting container. The supplemental gas stream 64 is
employed at downstream of the feed vessel 32 so as to ensure
the stable conveyance in downstream positions.

While only certain features of the invention have been
illustrated and described herein, many modifications and
changes will occur to those skilled in the art. It is, therefore, to
be understood that the appended claims are intended to cover
all such modifications and changes as fall within the true spirit
of the invention.

What is claimed is:
1. A feed vessel for pneumatically conveying solid par-
ticles, comprising:
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a cylindrical portion, the cylindrical portion comprising at
least one carrier gas inlet for introducing a carrier gas
and further comprising at least one solids inlet for intro-
ducing solid particles;

afirst conical portion, having a first cone angle, and extend-
ing downward from the cylindrical portion and config-
ured to be in fluid communication with the cylindrical
portion, wherein the first conical portion comprises a
plurality of inlets for introducing fluidizing gas; and

a second conical portion, having a second cone angle, and
extending downward from the first conical portion and
configured to be in fluid communication with the first
conical portion;

wherein a ratio of cone angles of the first and second
conical portions is in a range from about 1.2 to about 4;
and

wherein the second conical portion defines at least one
outlet thereon for discharging the solid particles.

2. The feed vessel of claim 1, wherein the fluidizing gas is

10

15

configured to loosen the solid particles adjacent to an inner 20

wall of the first conical portion.

3. The feed vessel of claim 1, wherein the first conical
portion has a cone angle configured to be in a range from
about 60 degrees to about 70 degrees.

4. The feed vessel of claim 1, wherein the second conical 5

portion has a cone angle configured to be in a range from
about 30 degrees to about 40 degrees.

5. The feed vessel of claim 1, wherein the first conical
portion is configured to form a funnel flow of the solid par-
ticles.

6

6. A feed system for pneumatically conveying solid par-
ticles, comprising:

a feed vessel comprising:

a cylindrical portion, the cylindrical portion comprising
at least one carrier gas inlet for introducing a carrier
gas and further comprising at least one solids inlet for
introducing solid particles;

a first conical portion extending downward from the
cylindrical portion and configured to be in fluid com-
munication with the cylindrical portion, wherein the
first conical portion comprises a plurality of inlets for
introducing fluidizing gas; and

a second conical portion extending downward from the
first conical portion and configured to be in fluid com-
munication with the first conical portion; wherein the
second conical portion is configured to form a mass
flow of the solid particles; and

an output pipeline configured to extend into the second

conical portion for discharging the solid particles, fur-

ther comprising a supplemental gas pipeline coupled to
the output pipeline and configured to introduce a supple-
mental gas into the output pipeline.

7. The feed system of claim 6, wherein the output pipeline
comprises an upward section where the solid particles flow
towards the first conical portion.

8. The feed system of claim 6, wherein the second conical
portion has a cone angle configured to be in a range from
about 30 degrees to about 40 degrees.
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